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Summary
Background: Left ventricular (LV) untwisting is commonly seen during left atrial (LA) contrac-
tion. The purpose of this study was to test the hypothesis that this characteristic motion is
associated with chronic LV diastolic dysfunction.
Methods and results: Ninety-two patients with cardiovascular risk factors and 36 age-matched
normal individuals were included in the present study, and were examined by echocardiogra-
phy, including conventional, tissue Doppler, and two-dimensional speckle tracking methods, to
clarify the predictors related to late diastolic untwisting rate (LDUTR). There was no signiﬁcant
difference in LV ejection fraction between patient and control groups. The ratio of peak early
diastolic transmitral ﬂow velocity to peak early diastolic mitral annular motion velocity (E/e′)
and LA volume index in the patient group were signiﬁcantly greater compared to the ratio of
peak early to late diastolic transmitral ﬂow velocity (E/A) ≥1 group of the controls. The LDUTR
in the E/A <1 group of the controls was signiﬁcantly greater compared to the E/A ≥1 group
of the controls and patient group. The LDUTR correlated with end-diastolic LV diameter, LA
volume index, peak A velocity, E/e′, relative LV wall thickness, and mean peak systolic LV radial
strain. Multivariate regression analysis indicated that LA volume index is deﬁned as a strong
predictor related to LDUTR.
Conclusions: Late diastolic LV untwisting reduces with a gradual increase in the LA size in
patients with cardiovascular risk factors, and may reﬂect the disease history of chronic LV
diastolic dysfunction.
© 2010 Japanese College of Car
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Introduction
Previous studies have demonstrated that contraction of left
ventricular (LV) subendocardial and subepicardial helixes
results in counterclockwise rotation at the apex and clock-
wise rotation at the base when viewed from the apex,
creating the torsional motion during systole [1—3], and sub-
sequently, an untwisting motion begins at the end of systole
as a result of release of elastic energy stored in systole
[4,5]. The recent advances in two-dimensional (2-D) speckle
tracking imaging have accelerated research on not only LV
longitudinal, circumferential, and radial myocardial defor-
mation, but also torsion and untwisting [6,7]. As a result, it
is known that an untwisting motion is commonly seen dur-
ing left atrial (LA) contraction. To date, however, no data
are available on the underlying mechanism for the LV rota-
tional deformation at late diastole. We hypothesized that
late diastolic LV untwisting is strongly responsible for LV
diastolic stiffness or compliance during LA contraction. To
test this hypothesis, 2-D speckle tracking imaging variables
were compared with conventional echocardiographic vari-
ables known to evaluate LV systolic and diastolic function in
patients with cardiovascular risk factors.
Methods
Study population
The study included 100 newly diagnosed and never-treated
patients with one or more cardiovascular risk factors who
visited our hospital between 2008 and 2009. A total of
92 (59 men and 33 women; mean age 61± 11 years) of
100 patients were enrolled in this study because they had
adequate acoustic windows and one or more of the fol-
lowing criteria: (1) current smoker; (2) body mass index
≥25 kg/m2; (3) hypertension with systolic or diastolic blood
pressure >140mmHg or 90mmHg, respectively; (4) hyper-
lipidemia with total cholesterol >220mg/dL or triglyceride
>150mg/dL; and (5) hyperglycemia with fasting glucose con-
centration ≥110mg/dL with no retinopathy, nephropathy, or
neuropathy. A total of 36 age-matched controls (22 men and
14 women, mean age 61± 6.7 years) were selected from
65 subjects presenting with symptoms of chest pain, pal-
pitations, dyspnea, or heart murmurs in whom clinical and
laboratory examinations, phonocardiography, conventional
echocardiography, and exercise testing were normal.
The 92 patients enrolled in this study underwent pulsed
Doppler and pulsed tissue Doppler echocardiography. In all
patients, mitral annular motion velocity was recorded at the
LV posterior wall site in the apical LV long-axis view by pulsed
tissue Doppler echocardiography. The peak systolic motion
velocity (s′), peak early diastolic motion velocity (e′), peak
motion velocity during atrial systole (a′), and ratio of peak
early diastolic transmitral ﬂow velocity (E) to e′ (E/e′) were
determined. There were no patients with elevated LV end-
diastolic pressure as shown by E/e′ ≥ 15 [8] (although e′ was
measured at the LV posterior wall site of the mitral annu-
lus in this study), that is, pseudonormalized or restrictive
transmitral ﬂow velocity pattern.
All patients gave written informed consent, and the study
was approved by the ethics committee of the institution
involved.
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onventional, pulsed Doppler, and tissue Doppler
chocardiography
ll echocardiographic measurements were performed using
commercially available ultrasound system (Vivid 7, Gen-
ral Electric Healthcare, Milwaukee, WI, USA) equipped with
harmonic 4.0-MHz variable-frequency phased-array trans-
ucer. The end-diastolic LV diameter (Dd), end-systolic LV
iameter (Ds), end-diastolic thickness of the ventricular sep-
um (VSth), and end-diastolic thickness of the LV posterior
all (PWth) were measured by M-mode echocardiography.
sing these parameters, we calculated the LV mass [9] and
elative LV wall thickness as follows:
V mass (g) = 0.8 × 1.04
×[(Dd + PWth + VSth)3 − Dd3] + 0.6
elative LV wall thickness = 2 × PWth
Dd
The LV mass index (g/m2) was determined by dividing the
V mass measurement by the body surface area.
The end-diastolic and end-systolic LV volumes (EDV
nd ESV, respectively) were calculated from the api-
al 2- and 4-chamber views using a modiﬁed Simpson’s
ethod. The LV ejection fraction was calculated as
F = (EDV− ESV)/EDV× 100, where EF represents ejection
raction. Left atrial volume was measured ofﬂine using
he biplane area-length method from the apical 2- and 4-
hamber views, and was indexed to body surface area.
The transmitral ﬂow and LV outﬂow velocity patterns
ere obtained from the apical long-axis view with the
ulsed Doppler method. Transmitral ﬂow was measured to
btain the peak early and late diastolic velocity (E and A,
espectively), and their ratio (E/A). The Tei index [10] was
alculated as follows: Tei index = (a−b)/a, where a is the
nterval between cessation and onset of transmitral ﬂow,
nd b is the ejection time of LV outﬂow.
wo-dimensional speckle tracking imaging
e acquired LV short-axis views at the apical, mid, and basal
evels, and LV apical 2- and 4-chamber views using a high
rame rate (65—69 frames/s). The basal short-axis view con-
ained the mitral valve, the mid short-axis view contained
he chordae tendineae, and the apical short-axis view was
cquired distal to the papillarymuscles. At each plane, three
onsecutive cardiac cycles were acquired at end-expiration
reath holding, and stored digitally on a hard disk for ofﬂine
nalysis. Image analysis was performed ofﬂine on a PC work-
tation using custom analysis software (Echopac PC, Version
.0.X, GE Healthcare, Fairﬁeld, CT, USA). The LV endocar-
ial border of the end-systolic frame was manually traced.
n the basis of this line, the computer automatically cre-
ted a region of interest including the entire transmural wall
n all patients, and the software selected natural acoustic
arkers moving with the tissue. Automatic frame-by-frame
racking of these markers during the cardiac cycle (2-D sys-
olic time interval method) yielded a measure of rotation,
otational velocity, strain, and strain rate at any point of
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Tigure 1 Left ventricular torsional and untwisting rate curve
DUTR, peak early diastolic untwisting rate; LDUTR, peak late
yocardium. The LV was divided into 18 segments and each
egment was individually analyzed. Using a dedicated soft-
are package, 2-D LV strain, strain rate, and rotation were
easured as previously described [11,12].
In the present study, longitudinal strain and strain rate
ere assessed in the six LV walls on the apical 2- and 4-
hamber view, respectively. Also, circumferential and radial
trains and strain rates were assessed in the six LV walls on
he parasternal LV short-axis view at the level of the chordae
endineae, and their average values were used for the eval-
ation of correlation. LV rotation, torsion, and untwisting
long the long-axis were assessed using parasternal LV short-
xis views at the basal level including the mitral valves,
nd at the apical level excluding the papillary muscles. An
ffort was made to make both of the LV short-axis sections
s circular as possible.
We recorded LV rotation and rotational velocity pro-
les during a cardiac cycle at the base and apex using
he software package described above. Data points rep-
esenting the basal and apical LV rotation and rotational
elocity were exported to a spreadsheet program (Microsoft
xcel, Microsoft, Seattle, WA, USA) to create LV torsional
nd untwisting rate proﬁles. The average LV rotation and
otational velocities proﬁles from the entire LV were used
or the calculation of peak untwisting velocities at the early
iastole and during LA contraction (Fig. 1). To adjust for
nterpatient differences in heart rate, the time sequences
ere normalized to the percentage of systolic and diastolic
uration.
All variables in this study represent the mean value of
easurements taken in three consecutive cardiac cycles.
tatistical analysisalues are expressed as themean± S.D. Comparisons of vari-
bles between the two control groups and patient group
ere performed using analysis of variance. Post hoc analysis
as done using Bonferroni method. The signiﬁcance of cor-
w
v
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L
l-D speckle tracking imaging. STR, peak systolic torsional rate;
olic untwisting rate.
elations between the untwisting parameters and clinical,
-mode, two-dimensional, pulsed tissue Doppler, and 2-D
peckle tracking echocardiographic parameters were deter-
ined by linear regression analysis. Multivariate regression
nalysis was applied to evaluate the relationships between
ate diastolic untwisting rate and other continuous variables.
p-value <0.05 was considered statistically signiﬁcant.
esults
ontrol groups versus patient group
he end-diastolic LV diameter in the patient group was sig-
iﬁcantly greater compared to the E/A <1 group of the
ontrols (Table 1). The LV mass index was signiﬁcantly
reater in the patient group than in both the E/A ≥1 and E/A
1 groups of the controls. The E/e′ was signiﬁcantly higher in
he patient group than in the E/A ≥1 group of the controls.
he LA volume index in the patient group was signiﬁcantly
reater compared to the E/A ≥1 group of the controls,
hereas there was no signiﬁcant difference between the
/A <1 group of the controls and patient group. There were
o signiﬁcant differences in the LV ejection fraction and Tei
ndex between the three groups. The late diastolic untwist-
ng rate in the E/A <1 group of the controls was signiﬁcantly
reater compared to the E/A ≥1 group of the controls and
atient group, although there was no signiﬁcant difference
etween the latter two groups (Fig. 2).
orrelations between late diastolic LV untwisting
nd other related parameters in the patient group
he late diastolic untwisting rate was directly correlated
ith end-diastolic LV diameter, LA volume index, peak A
elocity of the transmitral ﬂow, E/e′, and mean peak sys-
olic radial strain, and was inversely correlated with relative
V wall thickness (Tables 2 and 3). Also, the rate of early to
ate diastolic untwisting rate was directly correlated with LA
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Table 1 Comparisons of clinical and various echocardiographic parameters between the two control and patient groups.
Controls Patients (n = 92)
E/A≥ 1 (n = 22) E/A < 1 (n = 14)
Age (years) 58± 8 63± 13 61± 11
End-diastolic LV diameter (cm) 4.8± 0.4 4.7± 0.4 5.0± 0.4§
LAVI (ml/m2) 23.5± 4.3 24.5± 4.8 26.7± 7.0*
LV mass index (g/m2) 94.0± 16.2 94.1± 11.7 117.6± 26.3**,§§
LV ejection fraction (%) 72.2± 6.4 75.4± 8.9 73.2± 6.9
E/e′ 6.9± 2.1 7.4± 1.8 7.6± 2.2*
Tei index 0.31± 0.10 0.29± 0.15 0.30± 0.14
LDUTR (deg/s) −55.4± 14.7§§ −84.5± 19.2 −62.2± 24.8§§
LV, left ventricular; LAVI, left atrial volume index; E/A, ratio of peak early to late diastolic transmitral ﬂow velocity; E/e′, ratio of peak
early diastolic transmitral ﬂow velocity to peak early diastolic mitral annular motion velocity; LDUTR, peak late diastolic untwisting
rate.
* p < 0.05 vs. E/A≥ 1 group.
** p < 0.0001 vs. E/A≥ 1 group.
(
v
−
r
M
I
v
i
i§ p < 0.05 vs. E/A < 1 group.
§§ p < 0.001 vs. E/A < 1 group.
volume index, LV mass index, peak E and A velocities of the
transmitral ﬂow, E/e′, and mean peak systolic radial strain,
and was inversely correlated with diastolic blood pressure.
Multivariate regression analyses suggested that LA volume
index is deﬁned as a strong predictor related to late dias-
tolic untwisting rate (Table 4), and that LA volume index,
diastolic blood pressure, and peak A velocity of the trans-
mitral ﬂow are identiﬁed as independent predictors related
to rate of early to late diastolic untwisting rate (Table 5).
Relation of hypertension to late diastolic
untwisting rate
The present study included 64 hypertensive patients in all
92 patients. There were no signiﬁcant differences in LV
mass index (118.7 g/m2 vs. 115.1 g/m2), LA volume index
r
t
v
s
i
Figure 2 Correlations between left atrial volume index (LAVI) an
in normal individuals (left) and patients with impaired left ventricu
transmitral ﬂow velocity.28.7ml/m2 vs. 25.8ml/m2), E/e′ (7.7 vs. 7.5), E/A (0.94
s. 1.03), and late diastolic untwisting rate (−63.1◦/s vs.
60.4◦/s) between patients with and without hypertension,
espectively.
easurement variability
mages for velocity values, strain values, and untwisting
alues were interpreted by 2 experienced investigators
n 15 randomly selected patients. To assess the variabil-
ty of velocity and strain analysis, measurements were
epeated from the 15 patients either by the same inves-
igator or by 2 independent investigators. Intraobserver
ariability was 2.5—4.2% for velocity values, 4.6—5.8% for
train values, and 4.5—6.8% for untwisting values. The
nterobserver variability was 4.0—6.5% for velocity values,
d peak late diastolic left ventricular untwisting rate (LDUTR)
lar relaxation (right). E/A, ratio of peak early to late diastolic
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Table 2 Correlations between clinical, M-mode, two-dimensional, and pulsed Doppler echocardiographic parameters and LV
untwisting parameters.
Mean± S.D. EDUTR LDUTR EDUTR/LDUTR
r p-value r p-value r p-value
Age (years) 61 ± 11 −0.01 NS 0.16 NS 0.19 NS
BMI (kg/m2) 24.3 ± 3.4 0.02 NS 0.01 NS 0.09 NS
BSA (m2) 1.6 ± 0.2 0.07 NS −0.20 NS −0.20 NS
SBP (mmHg) 127.1 ± 16.6 0.01 NS −0.02 NS −0.10 NS
DBP (mmHg) 74.4 ± 11.7 0.16 NS −0.07 NS −0.27 <0.05
PP (mmHg) 52.5 ± 11.5 −0.10 NS 0.07 NS 0.11 NS
Heart rate (beats/min) 63.0 ± 10.1 −0.07 NS −0.20 NS −0.09 NS
End-diastolic LV diameter (cm) 5.0 ± 0.4 0.17 NS 0.29 <0.01 0.10 NS
End-systolic LV diameter (cm) 2.9 ± 0.5 0.23 <0.05 0.18 NS 0.02 NS
LAVI (ml/m2) 26.7 ± 7.0 −0.01 NS 0.49 <0.0001 0.39 <0.0001
End-diastolic ventricular septal thickness (mm) 8.8 ± 1.6 −0.12 NS −0.10 NS 0.06 NS
End-diastolic LV posterior wall thickness (mm) 8.8 ± 1.5 −0.21 <0.05 −0.17 NS 0.01 NS
Relative LV wall thickness 0.36 ± 0.07 −0.24 <0.05 −0.27 <0.01 −0.04 NS
LV mass index (g/m2) 117.6 ± 26.3 −0.13 NS 0.15 NS 0.25 <0.05
LV ejection fraction (%) 73.2 ± 6.9 −0.17 NS −0.07 NS 0.03 NS
E (cm/s) 71.5 ± 15.3 0.02 NS 0.12 NS 0.22 <0.05
A (cm/s) 76.6 ± 17.3 −0.09 NS 0.21 <0.05 0.41 <0.0001
E/A 0.97 ± 0.3 0.09 NS −0.04 NS −0.12 NS
E-DT (ms) 207.4 ± 39.1 −0.03 NS 0.09 NS 0.05 NS
Tei index 0.30 ± 0.13 0.19 NS 0.06 NS −0.14 NS
EDUTR, peak early diastolic untwisting rate; LDUTR, peak late diastolic untwisting rate; BMI, body mass index; BSA, body surface area;
SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure; LV, left ventricular; LAVI, left atrial volume index; E, peak
early diastolic velocity of transmitral ﬂow; A, peak atrial systolic velocity of transmitral ﬂow; E-DT, deceleration time from the peak to
baseline of the early diastolic transmitral ﬂow velocity.
Table 3 Correlations between pulsed tissue Doppler and 2-D strain imaging parameters and LV untwisting parameters.
Mean± S.D. EDUTR LDUTR EDUTR/LDUTR
r p-value r p-value r p-value
Mitral annular motion velocity
s′(cm/s) 9.5 ± 1.9 0.06 NS −0.11 NS −0.18 NS
e′(cm/s) 10.0 ± 3.0 0.10 NS −0.13 NS −0.15 NS
a′(cm/s) 11.0 ± 2.3 −0.04 NS 0.01 NS 0.04 NS
E/e′ 7.6 ± 2.2 −0.10 NS 0.22 <0.05 0.33 <0.01
LV wall strain and strain rate
Peak systolic strain (%)
Longitudinal −20.4 ± 2.2 0.03 NS −0.08 NS −0.08 NS
Radial 68.3 ± 14.7 −0.19 NS 0.22 <0.05 0.25 <0.05
Circumferential −21.5 ± 3.4 0.13 NS −0.05 NS −0.11 NS
Systolic strain rate (s−1)
Longitudinal −1.2 ± 0.2 0.10 NS 0.13 NS 0.07 NS
Radial 2.3 ± 0.6 −0.03 NS 0.03 NS 0.09 NS
Circumferential −1.7 ± 0.3 0.12 NS 0.02 NS −0.01 NS
Early diastolic strain rate (s−1)
Longitudinal 1.5 ± 0.3 −0.13 NS −0.06 NS 0.07 NS
Radial −2.3 ± 0.7 −0.07 NS 0.05 NS 0.07 NS
Circumferential 1.9 ± 0.5 0.01 NS −0.01 NS −0.06 NS
Atrial systolic strain rate (s−1)
Longitudinal 1.3 ± 0.3 −0.17 NS −0.03 NS 0.01 NS
Radial −1.7 ± 0.8 0.11 NS 0.16 NS 0.08 NS
Circumferential 1.2 ± 0.4 −0.19 NS −0.07 NS 0.04 NS
EDUTR, peak early diastolic untwisting rate; LDUTR, peak late diastolic untwisting rate; e′, peak early diastolic mitral annular motion
velocity; a′, peak mitral annular motion velocity during atrial systole; s′, peak systolic mitral annular motion velocity; E/e′, ratio of peak
early diastolic transmitral ﬂow velocity to e′.
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Table 4 Multivariate regression analysis to determine the
best predictor of LDUTR.
ˇ p-value
End-diastolic LV diameter 0.077 0.4790
LAVI 0.383 0.0004
Relative LV wall thickness −0.155 0.1409
A 0.096 0.3618
E/e′ 0.121 0.2648
Peak systolic LV radial strain 0.055 0.5773
LDUTR, peak late diastolic untwisting rate; LV, left ventricular;
Table 5 Multivariate regression analysis to determine the
best predictor of EDUTR/LDUTR.
ˇ p-value
DBP −0.247 0.0079
LAVI 0.319 0.0011
LV mass index 0.153 0.0995
E 0.068 0.4902
A 0.227 0.0342
E/e′ 0.130 0.2140
Peak systolic LV radial strain 0.050 0.6104
EDUTR, peak early diastolic untwisting rate; LDUTR, peak late
diastolic untwisting rate; DBP, diastolic blood pressure; LAVI,
left atrial volume index; LV, left ventricular; E, peak early dias-
tolic velocity of transmitral ﬂow; A, peak atrial systolic velocity
of transmitral ﬂow; E/e′, ratio of peak early diastolic transmi-
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tLAVI, left atrial volume index; A, peak atrial systolic velocity of
transmitral ﬂow; E/e′, ratio of peak early diastolic transmitral
ﬂow velocity to e′; ˇ, regression coefﬁcient.
5.8—7.0% for strain values, and 6.4—7.9% for untwisting
values.
Discussion
The LA size reﬂects the history of LV diastolic dysfunc-
tion, and hence has been compared to serum hemoglobin
A1c for diabetes [13]. In the present study, we identiﬁed
that the late diastolic LV untwisting rate is related to peak
A velocity of the transmitral ﬂow, E/e′, and LA volume
index in patients with cardiovascular risk factors and mild
to moderate LV diastolic dysfunction (E/A <1). In addition,
multivariate equation for predicting late diastolic untwist-
ing was highest for LA volume index. To the best of our
knowledge, this is the ﬁrst report to provide the correlation
between LV untwisting during LA contraction and LA size,
suggesting ‘‘disease history’’ in patients with LV diastolic
dysfunction.
Diastole is characterized by the isovolumic relaxation
and ﬁlling of the cardiac cycle. The former component is
determined by active myocardial relaxation, and the lat-
ter component, which is load dependent, is inﬂuenced by
passive factors, such as the degree of myocardial mass,
interstitial ﬁbrosis, and chamber geometry. Normal diastolic
function is deﬁned as the ability to accept adequate ﬁll-
ing volume at low ventricular diastolic pressure. As disease
progresses, there is a gradual decline of active myocardial
relaxation and the onset of operative compliance abnormal-
ities [14]. Filling of the LV becomes increasingly dependent
on the late diastolic LA—LV pressure gradient which can be
maintained only by increasing LA pressure [15]. Diastolic
heart failure is present when an elevated ﬁlling pres-
sure is necessary to achieve normal ventricular ﬁlling [16].
Therefore, it is very important to evaluate the LV dias-
tolic performance at the LA contraction in the clinical
setting.
Transmitral ﬂow velocity is the useful tool of choice in
routine clinical practice to assess LV diastolic dysfunction
[14,15]. Several diastolic parameters, including E/A and
deceleration time of the early diastolic wave, have a bipha-
sic response to diastolic dysfunction. With mild to more
severe dysfunction, they progressively change in the oppo-
site direction. Therefore, transmitral ﬂow velocity remains
limited by the inﬂuence of loading conditions, particularly
preload. Furthermore, it is well recognized that transmi-
m
g
a
htral ﬂow velocity to peak early diastolic mitral annular motion
velocity; ˇ, regression coefﬁcient.
ral ﬂow velocity pattern unlikely responds during increases
n preload depending on the underlying disease condition
n patients with impaired LV relaxation (E/A <1) [17]. On
he other hand, pulsed tissue Doppler imaging may be of
reatest beneﬁt in evaluating LV relaxation [18] and ﬁlling
ressure [8] without being inﬂuenced by preload.
2-D speckle tracking imaging has been successfully
pplied to the relatively simple and accurate measurement
f LV torsion during systole and untwisting at early diastole
1,2]. Both parameters may provide an additional noninva-
ive insight into LV systolic and diastolic function [1—5]. In
ddition, LV untwisting is commonly seen at the LA contrac-
ion, whereas its determinants and clinical signiﬁcance have
ot been clariﬁed.
In the present study, there were signiﬁcant correlations
etween the peak A velocity and E/e′ and the late dias-
olic LV untwisting rate. These ﬁndings suggest that LV
ith impaired relaxation makes peak A velocity and E/e′
reater but late diastolic untwisting weaker in patients
ith no markedly elevated LV end-diastolic pressure. It is
ell recognized that extension of the LV during LA con-
raction best approximates a reﬂection of LV passive ﬁlling
haracteristics. Pai and Shah [19] and Parthenakis et al.
20] emphasized that the velocity of atrial systolic wave
ransmission toward the LV apex reﬂects late diastolic LV
tiffness using pulsed Doppler and M-mode color Doppler
ow echocardiography, respectively. These results are in line
ith our study.
LA size has been shown to be a sensitive marker of chronic
V diastolic dysfunction [13,21,22]. Decreasing LA contribu-
ion to ventricular ﬁlling leads to an enlargement of the LA.
n the present study, there was a markedly signiﬁcant corre-
ation between the LA volume index and the late diastolic LV
ntwisting rate, that is, the greater the LA volume index the
ower the late diastolic untwisting rate in all the patients.
f note, indexed LA volume emerged as the most impor-
ant predictor of the late diastolic LV untwisting rate on
ultivariate regression analysis. Therefore, our ﬁndings sug-
est that late diastolic LV untwisting, as well as LA size, has
n additional diagnostic value for evaluating the ‘‘disease
istory’’ in patients with LV diastolic dysfunction.
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tricular diastolic dysfunction and relation to cardiovascular risk38
tudy limitations
his study has several limitations. The study population was
f relatively small size, and the majority of the patients
ad mild to moderate LV diastolic dysfunction. Future stud-
es consisting of a larger number of patients, including those
ith more stiffened LV, such as pseudonormalized or restric-
ive transmitral ﬂow velocity, are required to conﬁrm the
linical usefulness of late diastolic LV untwisting. Tsang et
l. [21] emphasized that LA volume reﬂects the severity of
V diastolic dysfunction, and our result indicated the close
elationship between LA volume index and late diastolic LV
ntwisting rate. Therefore, we speculated that late diastolic
V untwisting rate is minimal in younger normal individuals
ith E/A ≥1, and is gradually increased with normal aging
r impaired LV relaxation and normal LV end-diastolic pres-
ure (E/A <1), and thereafter is inversely diminished again in
atients with moderately elevated LV end-diastolic pressure
E/A <1) or elevated LV ﬁlling pressure (E/A ≥1). Another
imitation is the lack of simultaneous invasive measurements
or assessing LV diastolic function, although we substituted
/e′ for LV ﬁlling pressure [8] in the present study.
onclusions
ate diastolic LV untwisting was found to be a single quan-
itative echocardiographic parameter to evaluate ‘‘disease
istory’’ of chronic LV diastolic dysfunction and/or LV dias-
olic stiffness in patients with cardiovascular risk factors.
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